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IWETHOD OF PREPARING FUEL FORMULAHONS ALLOWING OPTBWAL 
OPERATION OF AN ENGINE DEVELOPED FOR THE HOC! COI«BUSTION 
MODE 

Jn order to prepare fuel formulations allowing optimal operation of an internal 
combustion engine developed for the HCCI combustion mode, a method Is 
described which employs: 

a fuel base comprising a Jet 8; and 

possibly a component or combination of components, the nature 
and the proportions of which are selected so as to provide the mixture with a 
distillation curve, the course of which is representative of that of a petrofeum 
product (monotonous curve), in particular of a fuel for diesel engines having 
optimal properties for low speeds-low loads as well as for high speeds-high toads. 
Fomiulations prepared according to this method are described. 
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The Invention rebates to fuel formulations, the composition of which is 
optimised for operation according to the HCCi combustion mode, ft rdates also 
to a method for preparing these fornjulations. 

it is kriown that combustion fay aulo-jgnftion in the fairly homogenous 
phase (caiied "HCCi", from the Engiish "Homogeneous Charge Compression 
ignition) can be obtained boSi in diesei engine applications as weii as in petrol 
engine applications. In both cases, the preparaUon of the fardy homogeneous air- 
fuel mixture required for the HCCI may be carried out either by pre-mixture in the 
admission or by direct injection of the fuel {or another air-fuel mixture) into the 
combustion chamber. The application of HCCJ combustion to the diesel type 
engine presently relies on the pair engine/standard gas oil EN590. The entire 
relevance of the HCCI technology is based on the potential of operating in the 
homogeneous phase tn the widest possible range of applications. The only 
presently feasible fuef within the scope of an application to a diesel engine Is, in 
parttcuiar, the safd gas oil EN590, 

The combustion mode by auto-ignitlon under cofiditions of the air-fuel 
mixture which are, for the most part, homogeneous, requires certain "fuel" 
qualities v.'h?ch are r-iot offered by the conventionai gas oi! for a better utilisation. 
By way of example the distiilation curve of the gas oil EN590 is cited, which does 
not permit an optimal operation in the homogeneous mode. Also, the delay of 
auto-ignition of standard gas oils might not be adapted when used at a itm bad 
while being satisfactory for high ioads. It therefore appeal^ to be obvious that the 
available gas oil EN590 does not permit sn optimal range of appiicatlon of the 
HCCi Gombustfon mode. 

it is the object of fihis invention to permit use in the HCC! combustion 
mode under the best possible conditions and across the widest possible range of 
speed/load by proposing a new fuel adapted to this use. 
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To permit operation in the HCC! mode on the Widest possible scale: 
vaporisation of the fue! must be vveli controlled; 
the regLslation of combustion initiation fTiust be well controfjed; and 
the sequence of combustion must be weil controlled; 

and this for the greatest diversity of operation conditions. 

The fue! proposed to meet these requiremonts Is fonmuiated such that it 
meets different reievant criteria for the HCCI combusfion mode. These are: 

having a volatifity higher than that of a standard gas ol! so as to 
ensure the existence of a homogeneous mixture as soon as 
possible; and 

having an auto-ignitSon delay controilable throughout the 
advantageousJy selected base product and throughout the wide 
incorporatton of different compounds. 

The formulations prepared according to the invention can be defined in 
that they incJude a major proportion of a jet fuel, called "Jet B" and a combination 
of components ifie nature and properties of which are advantageousiy so 
selected as to provide a distillation curve for the mixture, the course of which is 
representative of that of a petroleum product, in particular of a dieseJ engine fuei. 

The "Jet B", forming the basis of these formulations, is defined in the 
ASTM D-1655 standard or in NATO's F46 standard. Having a wide cut {of about 
70 to 200 or 250''C), it permits easier vaporisation. 

in order to produce the fuel formulations according to the invention, a 
selection of products, chosen from a wide range of compounds is incorporated 
into this base, such as: 

paraffins, e.g. 2-methylhexane, n-heptane, 2-methyloctane, 2- 
rnethylnonane, n-octane, 3.6-dimeaiyloctane, 3 methylnonane, 2,9- 
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dtrn8thy!-5,6-diisoamyldecane, nonane, decane, undecane, 3- 
ethyldecane, 5-butyfnonane, 7,8-dimeth^telradecane, 2,610- 
Wmelhyidodecane, 2,3,1 0-inrriethylundecane, 6"propy!dodecane, 
linear paraffins C„H2b+2 with n > 14; 

nitrated compounds, e.g. nftro methane, nitro ethane, nftro propane, 
nilmbenzene, nitro toluene; 

oxygenated compounds such as: 

peroxides, e.g. tert-butyl peroxide; 
caitjonates, e.g. diethyl carbonate; 
acetyls, e.g. polyethoxye&iylal; 

etJiers, e.g. dimeaioxymethane, diethoxyprapane, 

diethoxybutane, dl-n-penlylether, di-n-pentoxymeSiane; 

alcohols, e.g. octanol, nonanol, dodecanoi; 

glycol ethers, e.g. dimethylgSycol, dimethyldiglycol, 

cthyidiglycoi, ethyltrigiycol; and 

glycol esters, e.g. butyi glycol acetate. - 

The incorporation rate of these products is generally from 0 to 50% by 
volume. They can be incorporated alone or as mixtures. 

!n order to be able to fomnuiate a fuel capable of meeting this wide range 
of requirements, it is proposed to start from a petroleum fraction consisting of a 
"Jet B". This fraction will be called "8". 

Moreover, in order to provide , the elements meeting the three 
requirements mentioned above, the fuels are formulated by splitting up the space 
into a matrix arranged around the cetane number of chemical compounds and 
the distillation range of these compounds. 
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This matrix which will be caiied the matrix of auto-ignition delay (or MAID") 
presents itself m the foliowirsg manner 



MAID 



Cetane iBnge 
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The compounds J, H, HI and IV are prodiictfs setected from diffisrent 
c^temlcal families, defined further above. 



Thus, talcing into account their boiling point and their cetane number 
{ifidicated in bracftets behind each component) one considers: 
as component 1 , e.g. 2-methy1hexane (87**C, 40); 
as component 2, e.g. dlmethytglycol (SS^C, 53) and n-heptane 
(98«C, 56); 

as component 3, e.g. dimethoxymethane (42''C, 52); 

as component 4, e.g, nftro methane (100°C, >100); 

as component 5, e.g, diethyl carbonate (127*'C, 4-0) or 2- 

metfiylheptane (135»C, 41); 

as component 6, e,g, 2-methyl octane {148*C, 49); 

as component 7, e.g. 2-methyt nonane (1 50°C, 54); 

as component 8, e.g. diethoxy propane (124X, 135), di^oxy 

butane (MS^C, 143), nftro ethane (HS^C, > 100), nitro propane 

{120*'C, »100) or n-octane {126*'C, 63); 

as component 9, e.g. octanoi (ISB^C, 43), butyi glycol acetate 
{156»C, 41 ) or 3,6-dimethy! octane (166*»C, 41); 
as component 10, e,g. 3-methyJ nonane (185'*C, 47); 
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as component 11, e.g. 2,9-dimethyl-6,6-diisoamyl decane 

as component 12, e.g. di-n-pentyj ether (IS/^C, 109), dimethy! 
diQlycot (162«C, >70), nonane {ISI^C, 68), decane <174<*C, 76) or 
undecane(196*C, 77); 

as component 1 3, e.g. ettiyl diglycoi {202''C, 41 ); 

as component 14, e.g. 3-ethyl decane (202''C, 48); 

as component 15, e.g> 5-butyl nonane {213*'C, 53); 

as component 16, e.g. ncmano! iZWC, 60). di-n-pentoxymethane 

{218"C. 97), nitrobenzene {2i0«^ >100) or nitro toiuene (aSO^C. 

»100): 

as component 17, e.g. 7,8-dimethyl tetradecane (269*'C, 40) or 

2,6,10 tnmethyf dodecane 41); 

as component 18, e.g. 2,3.1 0-trimethyl undecane (25Q°C, 47); 

as component 19, e.g. 6-propy1 dodecane (250*C, 52); and 

as component 20, e.g. dodecano! 68), ethy! trigiycol (255"C, 

> 70), the linear paraffins CoHan+a, n > 14) or poiyethyoxy ethyiai 

(>200X, 140). 

!n order to formulate a fuel according to the invention, a mixture is 
produced composed of a "Jet B" and of one or more eiements taken In different 
concentrations from the above mentioned 'WiD" mafrix. 

Therefore, a formuiatlon of the invention may be r^resented by the 
fonnula: 

representing a mixture composed of a % of the compound of column I b % of the 
ccmpound of column 11, c % of the compound of column !{{ and d % of the 
compound of column IV of the above MAID matrix, 
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A fomiulation presents itself, for exampte, in the fbrm of a mixture of the 
formula: 

representing a mixture composed of a % of tlie compound of the fan>ily 1, b % of 
the compound of the famiiy 6, c % of the compound of the family 11 and d % of 
tlie compound of the family 16. 

In a more specific manner, tlie components of the mixture are chosen, in 
appropriate! proportions, substantially along the diagonal iine extending from the 
top ieft towards the bottom right of the said "IVIAID" matrix. Preferably, the 
formulations are produced with a representative of each fine in appropriate 
proportions to ensure a distillation curve representative of a petroieum product 
(monotonous curve). 

Furthermore, a characterisation procedure for ttte engine operation in the 
homogeneous combustion mode has been rleveioped. Coupitng this procedure 
to the table of Ihe auto-ignition delay ("MAID matrix), shown further above, aiiows 
proposing adapted fuel fonnulations. This coupiing ss shown oln the diagram 
beiow. 
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The designation "SxU" relates to Ihe functioning point of the engine, the 
Setters S and L respectively refer to engine speed (Speed) and the load (Load). 
Each of these letters is foliowed by a letter (h or I) indicating the high or low leve! 
of this parameter. 

Thus, for a fuel intended for fow speed/low load and high speed/high (oad 
operations, a formulation of the type B3ct1i{55io15as2025wHI be adapted. 

As other examples of formulations being of great interest as fuels for 
engines operating according to the f-ICCi mode, the foiiowing may be cited 
amongst many ot?ers; 

BsoIsQiqIOio'ISioSOo and 
B?a1i0l5ts2Oio. 

Furthermore, the promoter roie of the mixtures considered in the invention 
for the homogeneous combustion HCCi may be enhanced by being coupled to 
the recirculation circuit of the exhaust gases (£GR). 
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CLAIMS 

1. Method of preparing a fuel formuiation for an internal combustion engine, 
characteriseci in that a composition is determined, characterised m that a fuel 
base among the Jets B is selected, such as defined by the ASTM D-1655 
standard and by possibly iocorporaSng therein at least one component or 
combination of components selected from; 

the paraffins; 

tiie nitrated compounds; 

the peroxides; 

the carbonates; 

the acetais; 

the ethers; 

the alcohols; 

the glycol ethers; and 

the giycoJ esters, 

in a manner to provide a dlstiliation cun/e for the mixture the course of which is 
representative of that of a fue! adapted to the requirements of the operation of 
engines in the HCCl combustion mode or combustion by auto-ignition in the fairiy 
homogeneous phase. 



2. Method according to claim 1, characterised in that the components to be 
added to the Jet B are selected from the matrix below: 



Cetane range 
Distitiation range fC) 
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wherein the numbers 1 to 20 each represent a family of compounds having a 
boiling temperature and a cetane number within t!ie ranges indicated, the said 
Gompooents being chosen substantially along a diagonal direction extending 
ffom the top left towards the bottom right of the said matrix. 

3. Method according to claim 2, characterised in that a fomiulatton is 
produced by incorporating Into the Jet B a representative of each line of the said 
matrix, 

4. Method according to any one of daims 1 to 3. characterised in that the 
combination of compounds contains at least one compound selected from: 

2-methym8xane, n-heptane, 2-methyloctane, 2-methyfnonane, n- 
octane, 3,6-dimem>4octane. 3 meihyJnonane, 2,9-dSmethy!-5,6- 
dissoam^ldecane, nonane, decane, undecane, S-etJiyldecane, 5- 
butyl nonane, 7,8-dtmelhyltetradecane, 2.61O-trim6thy!dodec0ne, 
2,3.10-trimethy!undecane, 6-propyi dodecane, the linear paraffins 
CnH2fi+2 with n > 14; 

nitro methane, nitro ethane, nitro propane, nitrobenzene, nitro 

toluene; 

tert"buli4 peroxide; 
diethyl carbonate; 
polyethoxyethylai; 

dimethoxymethane, dlethoxypropane, diethoxybutane, di~n- 
pentylether, di-n-pentoxymethane; 
octanol, nonanol, dodecanol; 

dimethyigJycoi. dimethyldiglycol, ethyldigiycol, ethyttr^glycol; and 
butyl glycol acetate, 

in proportions chosen according to the boiling point arid cetane number of each 
of the compounds employed. 
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7. Fuel formulation according to any one of claims 5 and 6, characterised in 
that the combination of components comprises proportions a, b, c and d of at 
teast one compound selected from each of columns I, !l, III and !V of the 
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wherein each compound from 1 to 20 is selected from compounds havirig a 
boiling point tn the distiifation range indicated and a cetane number In the cetane 
range Iridicated. 



8. Fuel formulation according to claim 7, characterised in that in its 
composition the proportions a, b, c and d of each compound introduced Into the 
combination is from 0 to 50% by volume, 

9. Fuel fonrtulalion accordino to ciaini 7 or 8, characterised in that its 
composition is represented by the formula 

wrfierein i, II, III, IV, a, b, c and d are defined as In daim 3, 

10. Fuel fomiulation according to any one of cfaims 7 to 9, characterised in 
that in the MAID matrix, 

the component 1 is 2-m^hyihexane 

the component 2 is dimethyiglycd or n-heptane 

the component 3 is. dtmethoxymethane 

the component 4 is nftro methane; 

the component 5 is diethyl carbonate or 2-methylheptane; 
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the component 6 is 2-methyl octane; 
the component 7 is 2-methy! nonane; 

the component 8 is diethoxy propane dtethoxy butane, nitro ethane, 
nftro propane or n-octane ; 

*e component 9 is octanol, butyl gfycot acetate or 3.6-dimethyl 
octane; 

tho component 10 is 3-methyl nonane; 

the component 1 1 1s 2,9-dimethyl-5,6-ditsoamy! decane; 

the component 12 is di-n-pentyl ether, dimethyl diglycoi, nonane, 

decane or undecane; 

tJie component 1 3 is ethyl dtglycol; 

the component 1 4 fs 3-ethy! decane 

the component 16 is 5-butyl nonane; 

the component 16 Is. nonanoS, di-n-pentoxymethane, nitrobenzene 
or nitro toiuene; 

the component 17 Is 7,8-dim8thyl tetradecane or 2,6,10 trimelhyl 
dodecane; 

the component 1 8 is 2,3,1 0-trimethy1 undecane: 

the component 19 is 6-propy! dodecane; and 

the component 20 is dodecanoK ethyl trigiycol, a mMure of linear 

paraffins CnfHan^a, n > 14) or polyethyoxy ethyial. 

11. Fuel formulation according to any one of claims 7 to 10, characterised in 
that the compounds introduced into the combination are selected by following a 
substantially diagonal direction extending from the top left towards the bottom 
right of the said MAID matrix. 

12. Fuel formulation according to claim 11, characterised in that the said 
combination is produced with a representative of each line of the said iVlAiD 
matrix. 
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13. Fuel formulaaon according to any one of claims 7 to 12, characterised in 
ttiat Its composiHon is represented by one of the formulas: 

B30I if)5-!;o1 5252O25 

B6Dls6ig10io16io20s and 
B/fjl 1015102010, 

14. OpsraMon method for an interna! combustion engine, characterised in ihai 
it comprises suppfying the said engine by means of a fuel formulation prepared 
by a method according to any one of ciaims 1 to 4 or defined in any one of claims 
5 to 13. 

15. Method according to claim 14, trfjaracterised in tiiat the said internal 
combustion engine is developed for the HCCi combustiorj mode. 
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